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METHOD OF FORMING HIGH RESOLUTION ELECTRONIC 
CIRCUITS ON A SUBSTRATE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The subject invention relates to a method of forming high resolution 

electronic circuits on a substrate. In particular, the present invention directs itself 

to a processing method including the steps of: laminating a substrate with a 

layer of dielectric film, laser drilling the dielectric film to form a series of 

channels, filling the channels with an electrically conductive material, applying a 

release layer to the upper surface of the dielectric film, and removing the release 

layer, thereby exposing the electrically conductive material formed and patterned 

on the upper surface of the substrate. More particularly, this invention directs 

itself to a method of fabricating electronic circuits on a substrate where the laser 

drilling step allows for the creation of patterns for the electronic circuitry of 

variable size, shape, and depth on or in the substrate. 
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PRIOR ART 

Methods for forming electronic circuitry on substrates are well-known in 
the art. In general, such prior art methods include a building process wherein 
thin layers of dielectric and electrically conductive material are sequentially 
formed on a base substrate using conventional semiconductor processing 
techniques. Dielectric layers are typically formed by the sequential steps of spin- 
coating the dielectric material, curing, pattern-etching with a plasma etch process 
to form via apertures, and filling the apertures by electroplating or sputtering. 
The metal layers are typically formed by sequential steps of sputtering a thin 
chromium layer (for adhesion to the dielectric layer), sputtering an initial copper 
layer over the chromium layer, defining the electrical traces by either additive or 
subtractive methods, and removing the excess copper and chromium between the 
electrical traces. 

Typical additive methods use a thin initial copper layer (called a seed 
layer), then form a photoresist layer over the thin copper layer and pattern it to 
remove photoresist where the signal traces are to be located, and thereafter plate 
a much thicker copper layer into the photoresist pattern. Typical subtractive 
methods use a thick initial copper layer, then form a photoresist layer over the 
thick copper layer and pattern it in order to remove photoresist in areas where 
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there are signal traces. Thereafter, exposed copper is etched away. The 
aforementioned building process involves numerous steps and is a relatively 
expensive procedure. A defect in the formation of one layer may ruin the entire 
substrate. Current trends in the industry are biased toward increasing the density 
of signal lines and vias. This, in turn, increases cost of the building process and 
further increases the chances of a defect occurring. 

It is a purpose of the subject invention to provide a method for creating 
electrical circuitry on a substrate which reduces manufacturing costs and defects 
and, thusly, enables board manufacturers to keep up with the demands of the 
semiconductor and circuitry industries. 

One such prior art method of forming electrical circuitry on a substrate is 
shown in U.S. Patent #6,163,957. This reference is directed to a multi-layer 
laminated substrate with high density interconnects and methods of making the 
same. The method includes the steps of laminating a substrate with a dielectric 
material, milling the substrate and dielectric material, and filling the newly 
formed channels with an electrically conductive substance. The process, 
however, does not include the steps of baking the electrically conductive 
material once it has been inserted into the channels, which is necessary for 
uniformity and strength, nor does it include the step of applying a release layer to 
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remove the unwanted remains of an upper dielectric layer. 

Another such prior art method of forming electrical circuitry on a 
substrate is shown in U.S. Patent #5,576,073. This reference is directed to a 
method for patterned metallization of a substrate surface. The method includes 
the steps of laminating a substrate with a dielectric layer, laser drilling channels 
into the dielectric layer and filling the channels with an electrically conductive 
substance. The method, however, does not include the steps of baking the 
electrically conductive material or applying a release layer for removing 
unwanted remains of an upper dielectric layer. 

U.S. Patent #4,710,253 is directed to a method for manufacturing a circuit 
board. This method includes the steps of layering a conductive powder on a 
dielectric substrate and irradiating the powder in predetermined shapes and 
patterns to form permanent circuitry. The method, however, does not include the 
efficient step of preforming channels in the dielectric layer and then filling them 
with an electrically conductive material. Nor does it include the step of applying 
a release layer for removal of unwanted dielectric residue. 

U.S. Patent #4,417,393 is directed to a method of fabricating high density 
electronic circuits having very narrow conductors. This method includes the 
steps of laser etching channels into a dielectric surface and filling the channels 
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with an electrically conductive material. The electrically conductive material, 
however, is not baked, nor is it covered with a release layer for removal of 
unwanted dielectric film. 

Another prior art system is shown in U.S. Patent #6,143,356. This 
reference is directed to a diffusion barrier and adhesive for Parmod application to 
rigid printing wiring boards. Parmod compositions comprise metal powder 
mixed with a reactive organic medium, these compositions being applied to 
temperature-sensitive substrates and cured to well-consolidated, well-bonded 
circuit traces by beat treatment at a temperature which does not damage the 
substrate. This system does not include a laser milling and subsequent filling 
process. 

None of the prior art provides for a combination of steps as herein 
presented comprising a method for forming electronic circuits on a substrate 
which allows for a maximum of efficiency and cost effectiveness with a 
minimum of defects. None of the prior art methods include the combined steps 
of laminating a substrate with a dielectric film, laser milling channels into both 
the dielectric film and the substrate, filling the channels with an electrically 
conductive material and subsequently baking the electrically conductive material 
in order to shape and strengthen the system, and then applying a release layer to 
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adhesively remove the unwanted dielectric film from the top of the substrate. 
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SUMMARY OF THE INVENTION 

The present invention provides for a method for creating high resolution 
electronic circuits on a substrate. The method includes the steps of laminating a 
dielectric layer on a substrate, laser milling channels into both the dielectric layer 
and the substrate, filling the channels with an electrically conductive material, 
laminating a release layer on top of the dielectric layer and removing the release 
layer, which adhesively removes the remaining dielectric residue. Further, prior 
to the lamination of the release layer on top of the dielectric layer, the electrically 
conductive material is baked, which allows for shaping of the electrically 
conductive material, strengthening the material and, importantly, removing 
impurities within the electrically conductive material. Once the release layer has 
been removed, an electrical circuit is formed on the substrate, composed only of 
the electrically conductive material and the substrate material. 

It is a principle objective of the subject method of forming high resolution 
electronic circuits on a substrate to provide an efficient process for creating 
electrical circuitry on a substrate material. 

It is a further objective of the subject method of forming high resolution 
electronic circuits on a substrate to provide a method where channels are formed 
in both the dielectric layer and the substrate material. 



8 



It is a further objective of the subject invention to provide a method of 
forming high resolution electronic circuits on a substrate where the electrically 
conductive material is baked in order to shape the material, increase the 
material's strength and remove impurities from the electrically conductive 
material. 

It is an important objective of the present invention to provide a method 
of forming high resolution electronic circuits on a substrate which includes the 
steps of laminating a release layer onto the dielectric layer and removing the 
release layer, which adhesively removes the remains of the dielectric layer. The 
remaining electrical circuitry consists only of the electrically conductive material 
and the substrate material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of a dielectric film layer being laminated 
on a substrate; 

FIG. 2 is a cross-sectional view of the dielectric film layer and the 
substrate after the step of laser drilling; 

FIG. 3 is a cross-sectional view of the substrate and dielectric film layer 
having laser drilled channels filled with an electrically conductive substance; 

FIG. 4 is a cross-sectional view of the substrate and dielectric layer with a 
release layer being located on an upper surface of the dielectric film layer; 

FIG. 5 is a cross-sectional view of the release layer being removed from 
the upper surface of the dielectric film layer; and, 

FIG. 6 is a perspective schematic view of a high resolution circuit formed 
on the substrate layer. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to Figures 1-6, there is shown a method of forming high 
resolution electronic circuits on a substrate. In Figure 6, a high resolution 
electronic circuit 10 is fabricated on a substrate 12. Substrate 12 may be a glass, 
an aluminum alloy, a polyimide film, or any other suitable substrate 
composition. 

One such substrate composition which may be used for substrate layer 12 
is a polyimide film known as Kapton, which is produced by DuPont High 
Performance Materials of Circleville, Ohio. Kapton polyimide films are 
dielectric films which retain their physical properties over a wide temperature 
range. They have been used in field applications where the environmental 
temperatures were as low as -269 °C and as high as 400°C. 

Figure 1 illustrates a layer of dielectric film 14 being laminated to 
substrate 12. Dielectric film layer 14 may also be a layer of Kapton. The 
dielectric layer 14 is laminated on substrate 12 using applied heat and pressure. 

Figure 2 illustrates the second step in the method for forming high 
resolution electronic circuits on a substrate 12. As shown in Figure 2, channels 
16 and 18 are formed in dielectric layer 14 and substrate 12. Channels 16 and 18 
are formed using a laser, or other source of directed radiation. If Kapton is used 
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for forming the dielectric film layer 14 and/or the substrate layer 12, an 
ultraviolet laser would be useful for milling channels 16 and 18. 

Substrate layer 12 may have a typical thickness of approximately 5 mil. 
Lamination layer 14 is approximately 0.25 mil to 1 mil thick. Additionally, if 
needed, a thin layer of adhesive (not shown) may be added between substrate 12 
and thin dielectric film layer 14. 

As shown in Figure 2, channels 16 are formed only in the thin dielectric 
film layer 14. Channels 18, however, are formed in both the dielectric film layer 
14 and substrate 12. Thus, it is necessary to use a laser milling device (not 
shown) which allows for drilling to an adjustable depth. Channels 16 and 18 are 
formed following predetermined sizes, shapes and depths. Channels 16 and 18 
are formed following the size, shape and depth parameters of the desired 
electronic circuit. 

Figure 3 illustrates the third step in the method of forming high resolution 
electronic circuits on a substrate 12. In Figure 3, channels 16 and 18, formed in 
dielectric layer 14 and substrate 12, respectively, are filled with material 20. 
Material 20 may be a conductive material, a dielectric material, a resistor paste, a 
ceramic composition, or any other type of material desired to be formed on 
substrate 12. Conductive silver and conductive copper alloys form typical 
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commercially available electronic inks which may be deposited on substrate 12 
in the form of material 20. 

Material 20 may be applied to the high resolution circuit 10 using an 
injection molding process, a squeegee, or any other suitable method. 

Following the filling of channels 16 and 18 with material 20, the substrate 
12, the dielectric film layer 14, and the material 20 may be heated in order to 
bake the material 20. Baking material 20 will allow material 20 to melt and/or 
set within channels 16 and 18. Depending on the composition of material 20, the 
volume of material 20 within channels 16 and 18 may decrease during the 
baking process. Should this occur, the third step in the method of forming high 
resolution electronic circuits 10 on a substrate 12 may be repeated; i.e., an 
additional quantity of material 20 may be added to channels 16 and 18 and 
heated or baked a second time. 

The substrate 12, dielectric film layer 14, and filler material 20 may be 
heated through use of a standard convection-type oven. Additionally, the 
substrate 12, dielectric film layer 14, and filler material 20 may be heated using a 
conductive process or through radiant heat transfer. 



The additional step of heating the electrically conductive material 20 
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allows for both the shaping and setting of the material within the channels 16 
and 18. Further, the heating and baking increases the strength of the material 20 
and also forms a permanent bond between the material 20 and substrate 12, 
which is necessary for forming permanent electronic circuitry on substrate 12. 
Further, the heating and baking of material 20 burns off, to some extent, 
impurities within the material 20. Thus, the electrical conductive properties of 
material 20 are enhanced by the baking process. 

Figure 4 illustrates the fourth step in the method of forming high 
resolution electronic circuits 10 on a substrate 12. As shown, a release layer 22 
is laminated onto an upper surface of dielectric film layer 14 and filler material 
20. Release layer 22 has an upper surface and a lower surface, the lower surface 
being coated with an adhesive material. The release layer 22 may be an acrylic- 
coated polyester, or any other suitable adhesive tape. 

Depending on the composition of the materials used, the substrate 12, thin 
dielectric film layer 14, filling material 20, and the release layer 22 may be 
heated or baked in order to increase the adhesion between the adhesive on 
release layer 22 and the dielectric film layer 14. This additional heating also 
adds further mechanical integrity, or adhesion, between filler material 20 and 
substrate 12. 
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Typically, using a 1-2 micron thick silver powder composition as filler 
material 20, the substrate 12, thin dielectric film layer 14, filling material 20, and 
release layer 22 would be heated to approximately 150°C-175°C. 

Figure 5 illustrates the fifth and final step in the method of forming high 
resolution electronic circuits on a substrate 12. In Figure 5, release layer 22 is 
peeled or otherwise removed from substrate 12 and filling material 20. As 
shown in Figure 5, dielectric film layer 14 adheres to release layer 22, thus 
leaving shaped and set filler material 20 on substrate 12. 

Once release layer 22 has been removed, a high resolution circuit remains 
in the form of filler material 20 permanently formed in desired shapes and 
patterns on substrate 12. 

The resulting electronic circuit comprises only filler material 20 and the 
substrate material 12. The release layer 22 removes all of the remaining 
dielectric layer 14 from the substrate 12. Thus, unlike the prior art systems, an 
electrical circuit is formed of only the two materials, the conductive material 20 
and the substrate material 12. This greatly improves the efficiency and 
adaptability of the electronic circuit forming process. 

Although this invention has been described in connection with specific 
forms and embodiments thereof, it will be appreciated that various modifications 
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other than those discussed above may be resorted to without departing from the 
spirit or scope of the invention. For example, functionally equivalent elements 
may be substituted for those specifically shown and described, proportional 
quantities of the elements shown and described may be varied, and in the 
formation method steps described, particular steps may be reversed or 
interposed, all without departing from the spirit or scope of the invention as 
defined in the appended Claims. 



